In an integrated Manufacturing Facility, consisting of various individual manufacturing cells, an automated material handling system (AMHS) -such as an Automated Guided Vehicle System (AGVS) -servicing each of cells plays a major role. In order to understand, and choose, the correct type of AGV system, simulation techniques can be used very effectively. In this paper, two different AGV Control Systems have been analyzed with computer simulation models. These animated graphic models also include details of all the individual process steps from the Wafer Sort operation through the Test processes of an IC Manufacturing Facility at Intel. 
ABS TRACT
In an integrated Manufacturing Facility, consisting of various individual manufacturing cells, an automated material handling system (AMHS) -such as an Automated Guided Vehicle System (AGVS) -servicing each of cells plays a major role. In order to understand, and choose, the correct type of AGV system, simulation techniques can be used very effectively. In this paper, two different AGV Control Systems have been analyzed with computer simulation models. These animated graphic models also include details of all the individual process steps from the Wafer Sort operation through the Test processes of an IC Manufacturing Facility at Intel. The simulation model is used to analyze the behavior of the AGVS, as measured by the average AGV utilizations, AGV congestion levels, average AGV response times, as well as process characteristics such as Throughput Time through the line, Work in Process levels and overall product throughput through the line. The model has been used to recommend the proper AGV control logic, as well as the number of vehicles required.
INTRODUCTION
Implementation of automated material handling systems in an integrated manufacturing facility requires detailed knowledge of the manufacturing process as well as the control algorithms used by the handling system.
Traditional static analysis techniques become too complex when the system being studied includes AGVS, robots and conveyors which interface with process equipment. Complexity increases even more when material handling control logic, and material scheduling algorithms are also to be considered in the analysis.
Dynamic simulation models could be effectively used to analyze the details of the material handling system integrated with process equipment. Today, there are a number of simulation modelling tools commercially available, such as SIMAN, SLAM, AutoMod, SEE-WHY,etc. In this paper, AutoMod has been used as the primary tool to develop the graphic simulation model of an integrated Semiconductor Sort, Assembly and Test Facility.
MANUFACTURING PROCESS AND AGV LAYOUT
The simulation model includes details on all Post Wafer Fabrication processes from Wafer Sort through Packaging and Product Test.
Process details in the model include product type, individual process times by product, lot sizing and batching mechanisms, and equipment capacity and physical layouts. The manufacturing layout consists of individual automated cells connected with an inter-cell material transport system. Each manufacturing cell consists of an input dock for material delivery, process equipment(s), and an output dock for material pickup. Some of the cells have internal material handling systems, such as a robotic system serving multiple machines.
Material
arrives from the Wafer Fabrication facility in a wafer Cassette, which is termed as a Fab lot. As this lot moves through the Assembly area, it's size changes based on the product/package configuration, which in turn gets reaggregated as a Test lot within the Product Test section of the integrated line. Part of the simulation study is to understand the impact of different lot sizes within the Assembly and Test section of the line. However, for this paper, we will concentrate on the study of the material handling system. The material movement within the cell a)
material from the previous cell is delivered to the input dock of the next cell. b) material moves to the process machine.
c )
material moves from the process machine to the output dock, to be picked up by the inter-cell transport system.
The complete system works like a "pull" system, whereby material leaves the present cell only when a process machine at the next cell makes a request for the material, and there is space available at it's input dock. Until that time, the lot waits on the output dock of the present cell. is as follows:
F i g u r e 1 shows t h e d e t a i l s o f t h e p r o c e s s f l o w , w h i l e F i g u r e 2 p r o v i d e s d e t a i l s on t h e AGV l a y o u t .
. MATERIAL HANDLING SYSTEM
The i n t e r -c e l l m a t e r i a l t r a n s p o r t s y s t e m i s a n Automated Guided V e h i c l e System (AGVS) . F o r t h i s a n a l y s i s , I n a d d i t i o n , c e r t a i n s e c t i o n s of t h e l a y o u t a l l o w o n l y one AGV i n t h a t s e c t i c n , a t any g i v e n t i m e , due t o space c o n s t r a i n t s .
AGV CONTROL LOGIC
I n t h i s a n a l y s i s , two d i f f e r e n t t y p e s of AGV c o n t r o l systems have been modelled. These c a n be c l a s s i f i e d a s g l o b a l and l o c a l c o n t r o l systems.
Consider an example o f e a c h s y s t e m , where an AGV h a s j u s t d e l i v e r e d a l o a d a t d e l i v e r y l o c a t i o n d l , and a l o a d h a s appeared ; i t pickup l o c a t i o n p4 ( r e f e r t o F i g u r e 3 ) .

Here, t h e c o n t r o l s y s t e m knows t h e s t a t u s of a l l l o a d s a p p e a r i n g i n t h e system ( i n t h i s example, t h e l o a d which appeared a t p 4 ) . T h e AGV i s d i r e c t e d t o t h e f i r s t p i c k u p l o c a t i o n on i t s p i c k u p l i s t . C o n t e n t i o n s a r e r e s o l v e d b a s e d on d i s t a n c e ( h e r e , t h e AGV i s i n s t r u c t e d t o move a l o n g s p u r sl t o g e t t o p i c k u p l o c a t i o n p 4 ) . Cince t h e l o a d i s p i c k e d up, t h e c o n t r o l l e r d i r e c t s t h e AGV t o i t s d e l i v e r y d e s t i n a t i o n , u s i n g t h e s h o r t e s t p a t h . I f no lo,sds a p p e a r a t any p i c k u p l o c a t i o n , t h e c o n t r o l l e r i n s t r u c t s t h e AGV t o move t o a d e s i g n a t e d p a r k i n g l o c a t i o n ( c a l l e d p a r k 1 i n t h e e x a m p l e ) , u n t i l a l o a d n e e d s t o be p i c k e d up a t a pickup p o i n t . L o c a l m * Here, t h e c o n t r o l s y s t e m d o e s n o t know w h e t h e r l o a d s a r e w a i t i n g t o b e p i c k e d up a t any l o c a t i o n ( P I , p 2 , p3 o r p 4 ) . Hence, i n t h i s example, t h e AGV would b e d i r e c t e d t o
l o c a t i o n p 2 . Once t h e AGV i s a t p2, t h e c o n t r o l l e r communicates t o t h e AGV t o move t o t h e n e x t p i c k u p l o c a t i o n p3, as t h e r e was no l o a d t o be p i c k e d up a t p2. A t p3, t h e c o n t r o l l e r t e l l s t h e AGV t o move t o l o c a t i o n p4, a s there i s no l o a d w a i t i n g t o be p i c k e d up a t p3. Once a t p4, t h e AGV i s i n s t r u c t e d t o p i c k up t h e l o a d and move it t o i t s d e s t i n a t i o n , u s i n g t h e s h o r t e s t p a t h . U n l i k e a g l o b a l c o n t r o l s y s t e m , t h e r e i s no p a r k i n g o f AGV's i n a l o c a l c o n t r o l system. A l l t h e AGV's o p e r a t e i n a " t a x i c a b " mode, where t h e y move a l o n g t h e AGV g u i d e p a t h looking f o r work.
SIMULATION ANALYSIS
The s i m u l a t i o n s t u d y , f o r t h i s p a p e r , i s t o c o m p a r e t h e two AGV c o n t r o l a l g o r i t h m s , u s i n g t h e number o f v e h i c l e s i n t h e system a s the independent v a r i a b l e . Average w a i t t i m e ,
) T h r o u g h p u t t i m e t h r o u g h t h e
e n t i r e l i n e ,
5)
Work i n P r o c e s s i n t h e l i n e .
I n t h i s p a p e r , w e s h a l l c o n c e n t r a t e on t h e AGV performance, a s measured by i t ' s u t i l i z a t i o n , t r a f f i c l e v e l s a n d t h e average w a i t times.
. ,
I
5.1 BGV U t i l i z a t i o n , I n t h i s model, t h e AGV u t i l i z a t i o n i s d e f i n e d a s t h e p e r c e n t a g e o f t i m e t h a t an AGV was u s e d t o t r a n s p o r t a l o a d from one l o c a t i o n t o a n o t h e r . The AGV move time a s s o c i a t e d i n moving t o c l a i m a l o a d , i s i n c l u d e d i n t h e u t i l i z a t i o n c a l c u l a t i o n . F i g u r e 4 compares t h e AGV u t i l i z a t i o n f o r t h e two c o n t r o l systems.
A s s e e n i n F i g u r e 4 , t h e a v e r a g e AGV u t i l i z a t i o n f o r a l o c a l c o n t r o l system i s l o w e r t h a n t h e AGV u t i l i z a t i o n f o r a g l o b a l c o n t r o l system. I n a l o c a l c o n t r o l system, t h e AGV move time t o c l a i m a l o a d i s , e s s e n t i a l l y , t h e time t a k e n t o move from t h e c o n t r o l p o i n t p r e v i o u s t o t h e p o i n t a t which t h e l o a d a p p e a r s , t o t h e l o a d p i c k u p l o c a t i o n . However, i n a g l o b a l c o n t r o l system, t h e move time t o c l a i m t h e l o a d i s t h e t i m e t a k e n f o r t h e AGV t o move from t h e c o n t r o l p o i n t where it c l a i m e d t h e l o a d t o t h e l o a d p i c k u p p o i n t . I n g e n e r a l , t h i s t i m e i s always g r e a t e r t h a n 
CONCLUSION
In this paper we successfully applied animated computer simulation to analyze two different AGV control systems in the IC manufacturing facility. The simulation analysis identified AGV utilization, AGV congestion/traffic levels and wait times for local and global control AGV systems. The analysis results were used to make decision in choosing the correct type of AGV control system. Animation feature helped us resolve AGV deadlocks and bottlenecks.
The results of the simulation and graphic animation was successfully presented to the management.
